
This presentation was developed by UCBerkeley through a TT2 grant 
from Caltrans, and delivered at 13 locations (October 2005 thru 
January 2006) to over 1400 Caltrans, Local Agency, Contractor and 
Tester participants.  Our sincere thanks to Professor Carl Monismith, 
Dr. Rita Leahy, and Larry Santucci for the presentation materials and 
the excellent instruction.  And, to our industry partners for assistance 
in advertising the sessions and their attendance at each session.  
Particularly the asphalt suppliers who participated in each round table 
session.

These materials are the property of Caltrans and may be used to assist 
in California’s transition to PG binders.   Use of these materials should 
be by permission of the state.  Please contact Kee Foo at (916) 227-
7064 for permission.



Caltrans Implementation Caltrans Implementation 
of PG Specsof PG Specs

PG PG -- PPerformance erformance GGradedraded



Presentation OverviewPresentation Overview

•• Why, When & How?Why, When & How?
•• How will if affect YOU?How will if affect YOU?
–– CaltransCaltrans
–– Local AgenciesLocal Agencies
–– IndustryIndustry
–– ConsultantsConsultants



HMA in CaliforniaHMA in California

•• ~ 1 Ton HMA/Person/Yr~ 1 Ton HMA/Person/Yr
•• ~ 34 Million Tons/Yr~ 34 Million Tons/Yr



Binder Binder 
Specifications Specifications ––
Then & NowThen & Now



PenetrationPenetration ViscosityViscosity

Specification Specification 
SystemsSystems

PBAPBA Superpave Superpave 
PGPG



Penetration Grading SystemPenetration Grading System
•• Introduced in 1918 by Bureau of Introduced in 1918 by Bureau of 
Public Roads (now the FHWA)Public Roads (now the FHWA)

•• At least 9 penetration gradesAt least 9 penetration grades
•• 1956 1956 –– PCCAS formed PCCAS formed –– Goal was to Goal was to 
reduce the number of grades & reduce the number of grades & 
standardize specsstandardize specs

•• 1957 1957 –– PCCAS adopted 5 gradesPCCAS adopted 5 grades

PCCAS = West Coast UserPCCAS = West Coast User--Producer GroupProducer Group



Penetration Grading SystemPenetration Grading System

100g
100g

0 sec0 sec 5 sec5 sec
Pen (Pen (dmmdmm))

•• Based on magnitude of the penetration Based on magnitude of the penetration 
of a standard needle at 25of a standard needle at 25°°CC



Penetration SpecPenetration Spec

•• Classification based on pen at 25Classification based on pen at 25°°CC
•• Also considersAlso considers

–– Penetration Penetration at 4at 4°°CC
–– Flash pointFlash point
–– Viscosity at 135Viscosity at 135°°CC
–– SolubilitySolubility
–– Thin Film Oven AgingThin Film Oven Aging

•• Penetration at 25Penetration at 25°°CC
•• DuctilityDuctility
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Original Original 
Binder Binder 
(AC)(AC)

Aged Aged 
Residue Residue 
(AR)(AR)

Viscosity Viscosity 
Grading Grading 
SystemSystem



Viscosity Grading SystemViscosity Grading System
ACAC
•• Developed in 1960sDeveloped in 1960s
•• Replace penetration systemReplace penetration system
•• Based on Based on unagedunaged binder consistency binder consistency 
at max inat max in--service tempservice temp

•• AASHTO M226 & ASTM D3381AASHTO M226 & ASTM D3381
ARAR
•• Caltrans in the 1960sCaltrans in the 1960s
•• Based on aged binder to simulate Based on aged binder to simulate 
postpost--mixing binder consistencymixing binder consistency



AC Spec TestsAC Spec Tests

•• Classification based on Classification based on visvis at 60at 60ooCC
•• Also considersAlso considers
–– VisVis at 135at 135ooCC
–– Pen at 25Pen at 25ooCC
–– Flash PointFlash Point
–– SolubilitySolubility
–– TFOTFO--aged residueaged residue

VisVis at 60at 60ooCC
Ductility at 25Ductility at 25ooCC



Viscosity Grades (ACViscosity Grades (AC--xx)xx)

AC AC -- 2.52.5
55
1010
2020
3030
4040



PCCAS and the ARPCCAS and the AR

19671967

RTFOT adopted as RTFOT adopted as 
alternative to TFOTalternative to TFOT

19691969

Use of RTFOTUse of RTFOT--conditioned conditioned 
asphalt beganasphalt began

19721972

Formally adoptedFormally adopted

19741974

ImplementationImplementation



Caltrans Grades & TestsCaltrans Grades & Tests
•• Classification based on agedClassification based on aged--residue residue 
visvis at 60at 60ooCC

•• AR Grades*AR Grades*
AR AR --10001000

--20002000
--40004000
--80008000
--1600016000

* Caltrans Std Specs* Caltrans Std Specs, Section 92Section 92
““GreenbookGreenbook” Section 203” Section 203--1 1 



Caltrans Grades & TestsCaltrans Grades & Tests
•• Also considers tests on RTFOAlso considers tests on RTFO--aged  aged  
residueresidue
–– VisVis at 60at 60ooC & 135C & 135ooCC
–– Pen at 25Pen at 25ooCC
–– % of Original Pen% of Original Pen
–– DuctilityDuctility
–– Properties of Properties of unagedunaged asphaltasphalt

Flash PointFlash Point
SolubilitySolubility



Comparison of Pen & Comparison of Pen & VisVis GradesGrades
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Relationship Between Relationship Between VisVis & Pen& Pen
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Limitations of
Pen & Vis Grading Systems

• Penetration: Empirical measurement
• Viscosity: Viscous effect only
• No low temp properties (except 
PCCAS-pen ratio)

• Long-term aging not considered
• Inadequate for modified binders



Penetration SpecPenetration Spec
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AC Viscosity SpecAC Viscosity Spec
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AR Viscosity SpecAR Viscosity Spec
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PCCAS to the RescuePCCAS to the Rescue

•• 1987 1987 –– Paving Asphalt Committee Paving Asphalt Committee 
charged to develop specs for charged to develop specs for 
modified asphaltsmodified asphalts

•• Representatives fromRepresentatives from
–– Industry Industry –– Chevron & Golden BearChevron & Golden Bear
–– ODOTODOT
–– CaltransCaltrans



PBA ConceptPBA Concept
Performance

Rutting, Fatigue & Low Temp Cracking

ClimateClimate

Test Criteria

432 7651

PBA GradePBA Grade

Safety
Environment
Purity
Compatibility

Binder Tests



PBA Spec PBA Spec -- 19921992

•• Precursor to SHRP PGPrecursor to SHRP PG
•• Climatic guidelines to select gradeClimatic guidelines to select grade
•• Conventional tests to relate to performanceConventional tests to relate to performance
•• Unique gradesUnique grades

–– PBA (performancePBA (performance--based asphalt)based asphalt)
•• Identifies modified binders by gradeIdentifies modified binders by grade



Current PBA Spec Current PBA Spec --
HandoutHandout



PBA Spec (PBA Spec (egeg, PBA 6a), PBA 6a)
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“PG” Asphalt Binder System“PG” Asphalt Binder System

PG PG -- PPerformance erformance GGradedraded



PG SystemPG System

•• Developed in 1990s during SHRP in Developed in 1990s during SHRP in 
concert w/ PCCASconcert w/ PCCAS

•• Fundamental Properties, Fundamental Properties, ieie, stress , stress 
and strainand strain

•• Unmodified bindersUnmodified binders
•• Performance Considerations Performance Considerations 

–– Rutting, Cracking (Fatigue & Low Rutting, Cracking (Fatigue & Low 
Temp), & AgingTemp), & Aging

•• EnvironmentEnvironment



PG Spec (PG Spec (egeg, PG 64, PG 64--16)16)
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PG Spec
System Based on Climate System Based on Climate --
InIn--Service Pavement TempsService Pavement Temps

PG PG XXXX -- YYYY

Performance Performance 
GradeGrade

Average 7Average 7--day Max day Max 
Pavement Temp (ºC)Pavement Temp (ºC)

Min Pavement Min Pavement 
Surface Temp (ºC)Surface Temp (ºC)



Determination of Pavement Determination of Pavement 
Temp Used in PG Spec Temp Used in PG Spec 

•• DetermineDetermine--Project Specific Project Specific Air TempsAir Temps

•• Compute DesignCompute Design--Specific Specific Pavement Pavement 
TempsTemps from Air Tempsfrom Air Temps



Air TempsAir Temps
•• Superpave Weather DatabaseSuperpave Weather Database

–– NOAA ~ 40 years of dataNOAA ~ 40 years of data
–– 7,900+ stations in US & Canada7,900+ stations in US & Canada

–– 308 stations in California308 stations in California

•• Uses Annual Air TempsUses Annual Air Temps
–– Hottest, consecutive 7Hottest, consecutive 7--day temp (average & day temp (average & 

standard deviation)standard deviation)

–– Coldest temp (average & standard deviation)Coldest temp (average & standard deviation)

•• Calculated Pavement Temps used in PG Calculated Pavement Temps used in PG 
SelectionSelection



ReliabilityReliability
•• Percent Probability of Not Exceeding Percent Probability of Not Exceeding 

Design TempDesign Temp
•• Generated from Site Specific Mean and Generated from Site Specific Mean and 

Standard DeviationStandard Deviation

Frequency ofFrequency of
observed temperaturesobserved temperatures

(Total area under(Total area under
curve = 100 %)curve = 100 %)

PG High Temp PG High Temp 
Reliability is area Reliability is area 
under curve to the under curve to the 
Left of Left of TTdesdes

TTdesdes = = TTavgavg ±± 22σσ

Tavg Tdes



Observed Air TempsObserved Air Temps

50% reliability = X50% reliability = X

98 % reliability = X + 298 % reliability = X + 2σσ

average summeraverage summer

very hot summervery hot summer

ºCºC
3636 4040

77--Day Max Air TempsDay Max Air Temps



Observed Air Temps Observed Air Temps ––
San Diego (La Mesa)San Diego (La Mesa)

3939

very hot very hot 
summersummer

ºCºC

353511

--33

very cold very cold 
winterwinter

average winteraverage winter average summeraverage summer

--55 3030 404055



Pavement Temps

60605050 707030302020 4040

6161
5454

101000--1010

--33

Max Air Max Air 
TempTemp

Calculated Calculated 
Pavement TempPavement Temp

ºCºC ºCºC

11



PG Binders
PG 64PG 64--10 (98% reliability)10 (98% reliability)

PG 58PG 58--10 (50% reliability)10 (50% reliability)

00 1010 2020 3030 4040 5050 6060--1010--2020 7070
ºCºC



PG Concept & Equipment



--20                  20                60                   13520                  20                60                   135
Temp (Temp (°°C)C)

DSRDSR

Intermediate tempIntermediate temp

RVRV

High tempHigh temp

BBRBBR

DTTDTT

Low tempLow temp

(optional)(optional)

Service tempsService temps MixingMixing



PG Spec TestingPG Spec Testing

FatigueFatigue
Cracking

Low TempLow Temp
Cracking RuttingRutting

RVRV

Pumpability Pumpability CrackingCracking

DTTDTT
(optional)(optional)

BBRBBR DSRDSR

PAV (Long Term)PAV (Long Term)
RTFO (Short Term)RTFO (Short Term)

No agingNo aging
Age ConditioningAge Conditioning



PG Spec TestingPG Spec Testing

RVRV

Pumpability Pumpability 

PAV (Long Term)PAV (Long Term)
RTFO (Short Term)RTFO (Short Term)

No agingNo aging
Age ConditioningAge Conditioning



PG Spec TestingPG Spec Testing

RuttingRutting

DSRDSR

PAV (Long Term)PAV (Long Term)
RTFO (Short Term)RTFO (Short Term)

No agingNo aging
Age ConditioningAge Conditioning



PG Spec TestingPG Spec Testing

FatigueFatigue
CrackingCracking

DSRDSR

PAV (Long Term)PAV (Long Term)
RTFO (Short Term)RTFO (Short Term)

No agingNo aging
Age ConditioningAge Conditioning



PG Spec TestingPG Spec Testing

Low TempLow Temp
CrackingCracking

DTTDTT
(optional)(optional)

BBRBBR

PAV (Long Term)PAV (Long Term)
RTFO (Short Term)RTFO (Short Term)

No agingNo aging
Age ConditioningAge Conditioning



Rotational Viscometer (RV)Rotational Viscometer (RV)

Evaluate consistency for pumpingEvaluate consistency for pumping
AASHTO T48 , ASTM D4402AASHTO T48 , ASTM D4402

sample chambersample chamber

spindlespindle
asphalt sampleasphalt sample

applied torqueapplied torque
from motorfrom motor

•• 135135°°CC

•• Apply torqueApply torque

•• Measure Measure 
rotational speedrotational speed

•• Calculate Calculate 
viscosityviscosity



Dynamic Shear Rheometer (DSR)Dynamic Shear Rheometer (DSR)

Evaluate viscoelastic properties of asphaltEvaluate viscoelastic properties of asphalt

•• Apply an oscillating shear stress, Apply an oscillating shear stress, ττ
•• Measure shear strain, Measure shear strain, γγ
•• Measure phase lag, Measure phase lag, δδ
•• Intermediate to high tempsIntermediate to high temps
•• Complex Modulus =Complex Modulus = ττmaxmax

γγmaxmax



Bending Beam Rheometer (BBR)Bending Beam Rheometer (BBR)
Evaluate low temp creep stiffness of asphaltEvaluate low temp creep stiffness of asphalt

980 980 mNmN (100 g) Load(100 g) Load

Asphalt BeamAsphalt Beam
Deflected PositionDeflected Position

Asphalt BeamAsphalt Beam
Original PositionOriginal Position



Direct Tension Test (DTT)Direct Tension Test (DTT)

Le

∆L

Load, P Stress (σ) = 

Strain εf

σf

P
A

St
re

ss

Strain (ε) 
= 

∆L

Le
× 100

(optional)(optional)



Direct Tension TestDirect Tension Test

Side ViewSide View

Top ViewTop View

specimen insertsspecimen insertsball joint pinsball joint pins



Rolling Thin Film Oven (RTFO)Rolling Thin Film Oven (RTFO)
AASHTO T240, ASTM D2872AASHTO T240, ASTM D2872

163°C

controlscontrols fanfan

bottle carriagebottle carriageair jetair jet



Rolling Thin Film Oven (RTFO)Rolling Thin Film Oven (RTFO)



Pressure Aging Vessel (PAV)Pressure Aging Vessel (PAV)
AASHTO R28AASHTO R28

asphalt asphalt 
binder binder 
(after (after 
RTFO)RTFO)

sample pansample pansample racksample rackpressure vesselpressure vessel

airair
pressurepressure

temperaturetemperature
probeprobe



Temp (Temp (°°C)C)

DSRDSR

BBRBBR

DTTDTT
(optional)(optional) RVRV

Low tempLow temp
propertiesproperties

Intermediate temp Intermediate temp 
propertiesproperties

High temp High temp 
propertiesproperties

Service TempsService Temps MixingMixing

--20                  20                60                   13520                  20                60                   135



PG Specification PG Specification ––
AASHTO M320AASHTO M320--0404



Current PG Spec Current PG Spec -- HandoutHandout



Tests Used in PG Binder System

•• Safety Safety -- COC Flash PointCOC Flash Point

•• PumpabilityPumpability -- RV at High Temp (135ºC)RV at High Temp (135ºC)

•• Rutting Rutting -- DSR at High TempsDSR at High Temps

–– Original & RTFOTOriginal & RTFOT--Aged; Aged; ieie, 2 “conditions”, 2 “conditions”

•• Fatigue Cracking Fatigue Cracking -- DSR at Intermediate TempsDSR at Intermediate Temps

–– RTFOT RTFOT PAVPAV--Aged; Aged; ieie, 1 “condition”, 1 “condition”

•• Low Temp Cracking Low Temp Cracking -- BBR & DTT (optional) at Low TempsBBR & DTT (optional) at Low Temps

–– RTFOT RTFOT PAVPAV--Aged; 1 “condition”Aged; 1 “condition”



PG Spec TestingPG Spec Testing

RVRV

PumpabilityPumpability
FatigueFatigue
Cracking

Low TempLow Temp
Cracking RuttingRuttingCrackingCracking

DTTDTT
(optional)(optional)

BBRBBR DSRDSR

Test Temp (Test Temp (°°C)C)
--20                  20                60                   13520                  20                60                   135



Safety & Safety & PumpabilityPumpability
PG 46 PG 52                           PG 58   PG 64 PG 70 PG 76 PG 82

(Rotational  Viscosity)    RV

90 90 100  100 100 (110) 100 (110) 110 (110)

(Flash  Point)  FP

46 52 58  64 70                             76 82

46 52 58  64 70                             76 82

(ROLLING  THIN  FILM  OVEN)   (ROLLING  THIN  FILM  OVEN)   RTFO  RTFO  Mass  Loss  Mass  Loss  << 1.00 %1.00 %

(Direct  Tension)    DT

(Bending  Beam  Rheometer)  BBR Physical  Hardening

28

-34  -40  -46   -10  -16   -22   -28   -34  -40  -46   -16   -22  -28   -34   -40  -10  -16   -22  -28   -34   -40  -10  -16  -22  -28   -34  -40   -10  -16   -22   -28  -34   -10   -16  -22   
-28  -34

Avg 7-day Max, oC
1-day Min, oC 

(PRESSURE  AGING  VESSEL)    (PRESSURE  AGING  VESSEL)    PAVPAV

ORIGINALORIGINAL

< 5000 kPa 

> 2.20 kPa 

S < 300 MPa m > 0.300

Report Value
> 1.00 %

20 Hours, 2.07 MPa

10    7      4     25    22    19    16    13    10    7     25 22    19    16    13    31    28    25   22    19    16    34    31    28   25    22    19    37    34    31   28    25    40    37    34   31  

(Dynamic  Shear  Rheometer)    DSR G* sin δ

( Bending  Beam  Rheometer)  BBR “S” Stiffness  & “m”- value

-24  -30   -36    0    -6   -12   -18  -24   -30  -36    -6   -12   -18   -24  -30     0     -6   -12   -18  -24   -30    0     -6    -12   -18  -24   -30    0     -6    -12   -18  -24     0     -6    -12  -
18  -24

-24  -30   -36    0     -6    -12  -18   -24  -30   -36   -6    -12   -18  -24   -30    0     -6    -12  -18   -24  -30     0     -6   -12   -18  -24   -30     0    -6    -12   -18  -24     0     -6   -12   
-18  -24

(Dynamic  Shear  Rheometer)    DSR G*/sin δ

(Dynamic  Shear  Rheometer)    DSR G*/sin δ

< 3 Pa.s @ 135 oC

> 230 oC

CEC

>230°C ≤3.0 Pa·s
First ChecksFirst Checks

> 1.00 kPa 



PumpabilityPumpability

•• During construction a contractor During construction a contractor 
must be able to pump the binder.must be able to pump the binder.

–– ViscosityViscosity ((ηη)  )  ≤≤ 3 Pa3 Pa··ss at 135at 135°°C for C for 
the the unagedunaged binderbinder



PG Spec TestingPG Spec Testing

FatigueFatigue
Cracking

Low TempLow Temp
Cracking

DSRDSR

RVRV

Test Temp (Test Temp (°°C)C)

BBRBBR

Cracking RuttingRutting PumpabilityPumpabilityCracking

DTTDTT
(optional)(optional)

--20                  20                60                   13520                  20                60                   135



Rutting/Permanent DeformationRutting/Permanent Deformation
PG 46 PG 52                           PG 58   PG 64 PG 70 PG 76 PG 82

(Rotational  Viscosity)    RV

90 90 100  100 100 (110) 100 (110) 110 (110)

(Flash  Point)  FP

46 52 58  64 70                             76 82

46 52 58  64 70                             76 82

(ROLLING  THIN  FILM  OVEN)   (ROLLING  THIN  FILM  OVEN)   RTFO  RTFO  Mass  Loss  Mass  Loss  << 1.00 %1.00 %

(Direct  Tension)    DT

(Bending  Beam  Rheometer)  BBR Physical  Hardening

28

-34  -40  -46   -10  -16   -22   -28   -34  -40  -46   -16   -22  -28   -34   -40  -10  -16   -22  -28   -34   -40  -10  -16  -22  -28   -34  -40   -10  -16   -22   -28  -34   -10   -16  -22   
-28  -34

Avg 7-day Max, oC
1-day Min, oC 

(PRESSURE  AGING  VESSEL)    (PRESSURE  AGING  VESSEL)    PAVPAV

ORIGINALORIGINAL

< 5000 kPa 

S < 300 MPa m > 0.300

Report Value
> 1.00 %

20 Hours, 2.07 MPa

10    7      4     25    22    19    16    13    10    7     25 22    19    16    13    31    28    25   22    19    16    34    31    28   25    22    19    37    34    31   28    25    40    37    34   31  

(Dynamic  Shear  Rheometer)    DSR G* sin δ

( Bending  Beam  Rheometer)  BBR “S” Stiffness  & “m”- value

-24  -30   -36    0    -6   -12   -18  -24   -30  -36    -6   -12   -18   -24  -30     0     -6   -12   -18  -24   -30    0     -6    -12   -18  -24   -30    0     -6    -12   -18  -24     0     -6    -12  -
18  -24

-24  -30   -36    0     -6    -12  -18   -24  -30   -36   -6    -12   -18  -24   -30    0     -6    -12  -18   -24  -30     0     -6   -12   -18  -24   -30     0    -6    -12   -18  -24     0     -6   -12   
-18  -24

(Dynamic  Shear  Rheometer)    DSR G*/sin δδ

(Dynamic  Shear  Rheometer)    DSR G*/sin (Dynamic  Shear  Rheometer)    DSR G*/sin δδ
< 3 Pa.s @ 135 oC

> 230 oC

CEC

> 1.00 kPa 

> 2.20 kPa 
UnagedUnaged

RTFO AgedRTFO Aged



PG 46 PG 52                           PG 58   PG 64 PG 70 PG 76 PG 82

(Rotational  Viscosity)    RV

90 90 100  100 100 (110) 100 (110) 110 (110)

(Flash  Point)  FP

46 52 58  64 70                             76 82

46 52 58  64 70                             76 82

(ROLLING  THIN  FILM  OVEN)   (ROLLING  THIN  FILM  OVEN)   RTFO  RTFO  Mass  Loss  Mass  Loss  << 1.00 %1.00 %

(Direct  Tension)    DT

(Bending  Beam  Rheometer)  BBR Physical  Hardening

28

-34  -40  -46   -10  -16   -22   -28   -34  -40  -46   -16   -22  -28   -34   -40  -10  -16   -22  -28   -34   -40  -10  -16  -22  -28   -34  -40   -10  -16   -22   -28  -34   -10   -16  -22   
-28  -34

Avg 7-day Max, oC
1-day Min, oC 

(PRESSURE  AGING  VESSEL)    (PRESSURE  AGING  VESSEL)    PAVPAV

ORIGINALORIGINAL

< 5000 kPa 

> 2.20 kPa 

S < 300 MPa m > 0.300

Report Value
> 1.00 %

20 Hours, 2.07 MPa

10    7      4     25    22    19    16    13    10    7     25 22    19    16    13    31    28    25   22    19    16    34    31    28   25    22    19    37    34    31   28    25    40    37    34   31  

(Dynamic  Shear  Rheometer)    DSR G* sin δ

( Bending  Beam  Rheometer)  BBR “S” Stiffness  & “m”- value

-24  -30   -36    0    -6   -12   -18  -24   -30  -36    -6   -12   -18   -24  -30     0     -6   -12   -18  -24   -30    0     -6    -12   -18  -24   -30    0     -6    -12   -18  -24     0     -6    -12  -
18  -24

-24  -30   -36    0     -6    -12  -18   -24  -30   -36   -6    -12   -18  -24   -30    0     -6    -12  -18   -24  -30     0     -6   -12   -18  -24   -30     0    -6    -12   -18  -24     0     -6   -12   
-18  -24

(Dynamic  Shear  Rheometer)    DSR G*/sin δ

(Dynamic  Shear  Rheometer)    DSR G*/sin δ

< 3 Pa.s @ 135 oC

> 230 oC

CEC

58 64

Test Temp ChangesTest Temp Changes

Spec RequirementSpec Requirement
Remains ConstantRemains Constant

> 1.00 > 1.00 kPa kPa 

How the PG Spec WorksHow the PG Spec Works



Rutting/Permanent DeformationRutting/Permanent Deformation

Addressed byAddressed by
G*/sin G*/sin δδ > 1.00 > 1.00 kPakPa ((unagedunaged binder)binder)
G*/sin G*/sin δδ ≥≥ 2.20 2.20 kPakPa (RTFO(RTFO--aged binder)aged binder)

For the early part For the early part 
of the service lifeof the service life



Mass Loss SpecMass Loss Spec

•• Calculate mass loss after RTFO.Calculate mass loss after RTFO.

•• Mass Loss Mass Loss ≤≤ 1.0%1.0%

Mass loss, % =Mass loss, % =
Original mass Original mass -- Aged massAged mass

Original massOriginal mass
x  100x  100



Establishing Grades - DSR Data
Re

la
ti
ve

 V
al
ue

s 
of

  
G*

/s
in
 

Re
la
ti
ve

 V
al
ue

s 
of

  
G*

/s
in
 δδ

(( k
PakP
a

0.50.5

5858 6464 7070

NB:NB:
1. Stiffness approximately doubles with 1. Stiffness approximately doubles with 
each 6ºC decrease in temp.each 6ºC decrease in temp.
2. G*/sin 2. G*/sin δδ ≈≈ 1.0 1.0 kPakPa at 60at 60ººC for C for ACAC--10 10 
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PG Spec TestingPG Spec Testing

DSRDSR

FatigueFatigue
CrackingCracking

Low TempLow Temp
CrackingCracking

DTTDTT
(optional)(optional) RVRV

Test Temp (Test Temp (°°C)C)

BBRBBR

RuttingRutting Pumpability Pumpability 

--20                  20                60                   13520                  20                60                   135



Fatigue CrackingFatigue Cracking
PG 46 PG 52                           PG 58   PG 64 PG 70 PG 76 PG 82

(Rotational  Viscosity)    RV

90 90 100  100 100 (110) 100 (110) 110 (110)

(Flash  Point)  FP

46 52 58  64 70                             76 82

46 52 58  64 70                             76 82

(ROLLING  THIN  FILM  OVEN)   (ROLLING  THIN  FILM  OVEN)   RTFO  RTFO  Mass  Loss  Mass  Loss  << 1.00 %1.00 %

(Direct  Tension)    DT

(Bending  Beam  Rheometer)  BBR Physical  Hardening

28

-34  -40  -46   -10  -16   -22   -28   -34  -40  -46   -16   -22  -28   -34   -40  -10  -16   -22  -28   -34   -40  -10  -16  -22  -28   -34  -40   -10  -16   -22   -28  -34   -10   -16  -22   
-28  -34

Avg 7-day Max, oC
1-day Min, oC 

(PRESSURE  AGING  VESSEL)    (PRESSURE  AGING  VESSEL)    PAVPAV

ORIGINALORIGINAL

> 1.00 kPa 

> 2.20 kPa 

S < 300 MPa m > 0.300

Report Value
> 1.00 %

20 Hours, 2.07 MPa

10    7      4     25    22    19    16    13    10    7     25 22    19    16    13    31    28    25   22    19    16    34    31    28   25    22    19    37    34    31   28    25    40    37    34   31  

(Dynamic  Shear  Rheometer)    DSR G* sin δ

( Bending  Beam  Rheometer)  BBR “S” Stiffness  & “m”- value

-24  -30   -36    0    -6   -12   -18  -24   -30  -36    -6   -12   -18   -24  -30     0     -6   -12   -18  -24   -30    0     -6    -12   -18  -24   -30    0     -6    -12   -18  -24     0     -6    -12  -
18  -24

-24  -30   -36    0     -6    -12  -18   -24  -30   -36   -6    -12   -18  -24   -30    0     -6    -12  -18   -24  -30     0     -6   -12   -18  -24   -30     0    -6    -12   -18  -24     0     -6   -12   
-18  -24

(Dynamic  Shear  Rheometer)    DSR G*/sin δ

(Dynamic  Shear  Rheometer)    DSR G*/sin δ

< 3 Pa.s @ 135 oC

> 230 oC

CEC

< 5000 kPa 

PAV AgedPAV Aged



Fatigue CrackingFatigue Cracking

•• Addressed by stiffness at Addressed by stiffness at 
intermediate tempintermediate temp
–– G*sin G*sin δδ on RTFO & PAVon RTFO & PAV--aged aged 
binder < 5000 binder < 5000 kPakPa

For later part of For later part of 
pavement service lifepavement service life



Fatigue TestingFatigue Testing

•• LongLong--term performance problemterm performance problem
•• Use aged binderUse aged binder

–– ShortShort--term aging (RTFO) + term aging (RTFO) + 
LongLong--term aging (PAV)term aging (PAV)



Notes on the SpecNotes on the Spec

•• Assumed strain controlled distress Assumed strain controlled distress 
(thin HMA)(thin HMA)

•• Initially a maximum of 3 MPa Initially a maximum of 3 MPa 
–– Over 50% of binders tested failedOver 50% of binders tested failed
–– Raised to max of 5 MPa; 15% of Raised to max of 5 MPa; 15% of 
binders failedbinders failed

•• Basis for limiting to 5 MPa Basis for limiting to 5 MPa 



PG Spec TestingPG Spec Testing

BBRBBR

FatigueFatigue
Cracking

Low TempLow Temp
Cracking

RVRV

Test Temp (Test Temp (°°C)C)

DSRDSR

Cracking RuttingRutting Pumpability Pumpability Cracking

DTTDTT
(optional)(optional)

--20                  20                60                   13520                  20                60                   135



Low Temp CrackingLow Temp Cracking
PG 46 PG 52                           PG 58   PG 64 PG 70 PG 76 PG 82

(Rotational  Viscosity)    RV

90 90 100  100 100 (110) 100 (110) 110 (110)

(Flash  Point)  FP

46 52 58  64 70                             76 82

46 52 58  64 70                             76 82

(ROLLING  THIN  FILM  OVEN)   RTFO  Mass  Loss  < 1.00 %

(Direct  Tension)    DT

(Bending  Beam  Rheometer)  BBR Physical  Hardening

28

-34  -40  -46   -10  -16   -22   -28   -34  -40  -46   -16   -22  -28   -34   -40  -10  -16   -22  -28   -34   -40  -10  -16  -22  -28   -34  -40   -10  -16   -22   -28  -34   -10   -16  -22   
-28  -34

Avg 7-day Max, oC
1-day Min, oC 

(PRESSURE  AGING  VESSEL)    PAV

ORIGINAL

> 1.00 kPa 

< 5000 kPa 

> 2.20 kPa 

20 Hours, 2.07 MPa

10    7      4     25    22    19    16    13    10    7     25 22    19    16    13    31    28    25   22    19    16    34    31    28   25    22    19    37    34    31   28    25    40    37    34   31  

(Dynamic  Shear  Rheometer)    DSR G* sin δ

( Bending  Beam  Rheometer)  BBR “S” Stiffness  & “m”- value

-24  -30   -36    0    -6   -12   -18  -24   -30  -36    -6   -12   -18   -24  -30     0     -6   -12   -18  -24   -30    0     -6    -12   -18  -24   -30    0     -6    -12   -18  -24     0     -6    -12  -
18  -24

-24  -30   -36    0     -6    -12  -18   -24  -30   -36   -6    -12   -18  -24   -30    0     -6    -12  -18   -24  -30     0     -6   -12   -18  -24   -30     0    -6    -12   -18  -24     0     -6   -12   
-18  -24

(Dynamic  Shear  Rheometer)    DSR G*/sin δ

(Dynamic  Shear  Rheometer)    DSR G*/sin δ

< 3 Pa.s @ 135 oC

> 230 oC

CEC

S < 300 MPa m > 0.300

Report Value
> 1.00 %

PAV Aged



Bending Beam RheometerBending Beam Rheometer
•• Evaluates low temp stiffnessEvaluates low temp stiffness

–– Creep stiffness, S(t)Creep stiffness, S(t)
–– Slope of log creep stiffness curve, “mSlope of log creep stiffness curve, “m--value”value”
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PG Spec TestingPG Spec Testing

Low TempLow Temp
CrackingCracking

DTTDTT
(optional)(optional)

FatigueFatigue
Cracking

RVRV

Test Temp (Test Temp (°°C)C)

DSRDSRBBRBBR

Cracking RuttingRutting Pumpability Pumpability 

--20                  20                60                   13520                  20                60                   135



PG 46 PG 52                           PG 58   PG 64 PG 70 PG 76 PG 82

(Rotational  Viscosity)    RV

90 90 100  100 100 (110) 100 (110) 110 (110)

(Flash  Point)  FP

46 52 58  64 70                             76 82

46 52 58  64 70                             76 82

(ROLLING  THIN  FILM  OVEN)   RTFO  Mass  Loss  < 1.00 %

(Direct  Tension)    DT

(Bending  Beam  Rheometer)  BBR Physical  Hardening

28

-34  -40  -46   -10  -16   -22   -28   -34  -40  -46   -16   -22  -28   -34   -40  -10  -16   -22  -28   -34   -40  -10  -16  -22  -28   -34  -40   -10  -16   -22   -28  -34   -10   -16  -22   
-28  -34

Avg 7-day Max, oC
1-day Min, oC 

(PRESSURE  AGING  VESSEL)    PAV

ORIGINAL

> 1.00 kPa 

< 5000 kPa 

> 2.20 kPa 

20 Hours, 2.07 MPa

10    7      4     25    22    19    16    13    10    7     25 22    19    16    13    31    28    25   22    19    16    34    31    28   25    22    19    37    34    31   28    25    40    37    34   31  

(Dynamic  Shear  Rheometer)    DSR G* sin δ

( Bending  Beam  Rheometer)  BBR “S” Stiffness  & “m”- value

-24  -30   -36    0    -6   -12   -18  -24   -30  -36    -6   -12   -18   -24  -30     0     -6   -12   -18  -24   -30    0     -6    -12   -18  -24   -30    0     -6    -12   -18  -24     0     -6    -12  -
18  -24

-24  -30   -36    0     -6    -12  -18   -24  -30   -36   -6    -12   -18  -24   -30    0     -6    -12  -18   -24  -30     0     -6   -12   -18  -24   -30     0    -6    -12   -18  -24     0     -6   -12   
-18  -24

(Dynamic  Shear  Rheometer)    DSR G*/sin δ

(Dynamic  Shear  Rheometer)    DSR G*/sin δ

< 3 Pa.s @ 135 oC

> 230 oC

CEC

S < 300 MPa m > 0.300

Report Value
> 1.00 %

PAV Aged

Low Temp CrackingLow Temp Cracking



DTT (optional)DTT (optional)

•• σσff (no spec criterion)(no spec criterion)

•• εεff ≥≥ 1.0%1.0%



SummarySummary

•• Evolution of binder grading systemsEvolution of binder grading systems

•• PGPG
–– Fundamental properties measured.Fundamental properties measured.
–– Quantifies binder contributions to Quantifies binder contributions to 
rutting, fatigue & low temp cracking.rutting, fatigue & low temp cracking.

–– Considers the effect of aging.Considers the effect of aging.

Penetration  Penetration  Viscosity  Viscosity  PBA & PGPBA & PG



SummarySummary

•• PG System PG System -- Selection based on climatic Selection based on climatic 
conditions at project site.conditions at project site.
–– Low temp (min pavement surface temp)Low temp (min pavement surface temp)
–– High temp (average 7High temp (average 7--day max day max 
pavementpavement temp)temp)

•• Spec requirement remains constant; test Spec requirement remains constant; test 
temp changes.temp changes.



Who’s Using PG?Who’s Using PG?



What’s Happening Elsewhere?What’s Happening Elsewhere?



Binder TopicsBinder Topics

•• Needs based on climateNeeds based on climate
•• UsedUsed
•• Special casesSpecial cases



45457676
333318187070
5515151717226464

111212665858
44335252

4646
4040

--1010--1616--2222--2828--3434

12 PG Binders!

AZ  AZ  -- PG “Needs”PG “Needs”

12 PG Binders!



ArizonaArizona

•• PG Binders UsedPG Binders Used
7676--1616
7070--1010
6464--2222
5858--2828

•• No PolymerNo Polymer--Modified Binders!Modified Binders!
•• PG 64PG 64--16 & 5816 & 58--22 22 asphalt rubber asphalt rubber 
base stockbase stock



CO  CO  -- PG “Needs”PG “Needs”

7676
117070

11115050336464
33393977115858
11161617175252

441111114646
554040

--2222--2828--3434--4040--4646

15 PG Binders!15 PG Binders!



ColoradoColorado
ModifiedModified

6464--2828
7070--3434
7676--2828
5858--4040

6464--2222
5858--2828
5858--3434

6464--2828
7676--2828
5858--3434

UnmodifiedUnmodified
6464--2222
5858--2828
5858--2222

19961996

CurrentlyCurrently

AASHTO M320AASHTO M320--03;03;
Toughness & Tenacity, Elastic RecoveryToughness & Tenacity, Elastic Recovery



MD  MD  -- PG “Needs”PG “Needs”

7676
7070

663131226464
2255115858

225252
4646
4040

--1010--1616--2222--2828--3434

7 PG Binders!7 PG Binders!



MarylandMaryland

•• PG Binders UsedPG Binders Used
6464--2222
6464--2828
7070--2222
7676--2222



MN  MN  -- PG “Needs”PG “Needs”

7676
7070

116464
11818123235858

4424245252
334646

4040
--2222--2828--3434--4040--4646

7 PG Binders!7 PG Binders!



MinnesotaMinnesota
•• PG GradesPG Grades

5858--2828
South of ISouth of I--9494
All OverlaysAll Overlays

5858--3434
North of INorth of I--9494
New Construction OnlyNew Construction Only

6464--2828
High Volume Only

PG 58PG 58--3434

PG 58PG 58--2828

High Volume Only



55117676
331010117070

1116162323116464
10102121555858
2233115252

4646
4040

--1010--1616--2222--2828--3434

15 PG Binders!

NV  NV  -- PG “Needs”PG “Needs”

15 PG Binders!



NevadaNevada

•• PG Binders UsedPG Binders Used
6464--28NV28NV
7676--22NV22NV

•• AASHTO 320AASHTO 320--03; Toughness & 03; Toughness & 
Tenacity, Elastic Recovery Tenacity, Elastic Recovery 

•• PolymerPolymer--Modified Binders Exclusively!Modified Binders Exclusively!



337676
134134153153447070
1616333324246464

115858
5252
4646
4040

--1010--1616--2222--2828--3434

8 PG Binders!

TX  TX  -- PG “Needs”PG “Needs”

8 PG Binders!



TexasTexas

•• PG Binders UsedPG Binders Used
6464--2222
7070--2222
7676--2222





California California 
Climate Climate 
PG PG ““NeedsNeeds””



CA CA -- High Temp PG “Needs”High Temp PG “Needs”

0
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CA CA –– Low Temp PG “Needs”Low Temp PG “Needs”

0
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100
150
200
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300

-34 -28 -22 -16 -10

Low Temp PG (C)
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CA  CA  -- PG “Needs”PG “Needs”

18187676
777710107070
6666232377116464
24241313101099115858
23233355445252
8833224646
114040

--1010--1616--2222--2828--3434

20 PG Binders!20 PG Binders!



PG Binder DistributionPG Binder Distribution
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PG Binder MapPG Binder Map

PG 64PG 64--1010

PG 64PG 64--1616

PG 64PG 64--2828

PG 70PG 70--1010



Caltrans StrategyCaltrans Strategy

•• Special CircumstancesSpecial Circumstances
–– PBA 6a & 6b for cold regionsPBA 6a & 6b for cold regions
–– PBA at discretion of District… with PBA at discretion of District… with 
economic justificationeconomic justification
•• egeg:  Dist 9 :  Dist 9 PBAPBA--6b6b
•• egeg:  Dist 8 :  Dist 8 PBAPBA--6a*6a*



Binders for Asphalt RubberBinders for Asphalt Rubber

Base for Base for 
Asphalt BinderAsphalt BinderPG BinderPG Binder

5858--22226464--2828

6464--1616
6464--1010
6464--1616
7070--1010



Caltrans Binder SelectionCaltrans Binder Selection

6464--16167070--10106a+, 76a+, 77070--1010DesertDesert

5858--22226464--28286a, 6b6a, 6b
NANA

6464--2828High High MtnMtn & & 
High DesertHigh Desert

Low & S Low & S 
MtnMtn

6464--16166a+6a+6464--1616
N CoastN Coast

6464--1616

6a6a

6464--10106a+6a+**7070--10106464--1010
S & Central S & Central 

Coast, Coast, 
Inland Inland 
ValleysValleys

PGPGPBAPBA§§PGPGPBAPBAPGPGPGPG

SpecialSpecialTypicalTypical
OpenOpen

GradedGraded
GapGap

GradedGradedOpen GradedOpen Graded
Dense GradedDense Graded

Rubberized Rubberized 
AsphaltAsphaltConventional AsphaltConventional Asphalt

BinderBinder
ClimaticClimatic
RegionRegion

*  modified 6a*  modified 6a §  low temp placement§  low temp placement



ImplementationImplementation

•• 4 unmodified PGs 4 unmodified PGs –– Jan 06Jan 06
•• Replace modified Replace modified PBAsPBAs with PG with PG –– Jan 07Jan 07
•• Asphalt Rubber Asphalt Rubber –– base PG by RACTG base PG by RACTG –– Jan 06Jan 06
•• AMRL Certification AMRL Certification –– Jan 07Jan 07
•• Training (Caltrans, Local Agencies & Industry)Training (Caltrans, Local Agencies & Industry)

–– Classroom:  12 Locations, Beginning Oct 05Classroom:  12 Locations, Beginning Oct 05



PG Binders are not a panacea!!!PG Binders are not a panacea!!!

•• Aggregate CharacteristicsAggregate Characteristics
•• Mix DesignMix Design
•• Construction Quality ControlConstruction Quality Control



Other ConsiderationsOther Considerations

•• PG for other applications?PG for other applications?

•• Mixing PG binders of same grade but Mixing PG binders of same grade but 
from different sources?from different sources?

•• Critical tests for checking binders?Critical tests for checking binders?

•• Mix design approval; effect of asphalt Mix design approval; effect of asphalt 
different supplier?different supplier?

•• Effects of PG binders on construction Effects of PG binders on construction 
process (process (egeg, impact on compaction)?, impact on compaction)?

•• PG PG vsvs AR grades?AR grades?



PG for Other Applications?PG for Other Applications?
•• CommercialCommercial

–– Parking Lots, Truck TerminalsParking Lots, Truck Terminals
•• PortsPorts
•• AirfieldsAirfields

–– Commercial & General AviationCommercial & General Aviation
•• ResidentialResidential
•• HydraulicHydraulic
•• Local Streets & HighwaysLocal Streets & Highways



PG for Other Applications?PG for Other Applications?

•• Tack CoatsTack Coats
–– PG 64PG 64--10 or PG 6410 or PG 64--1616

•• Surface Treatments, Surface Treatments, egeg, , ChipSealsChipSeals
–– Conventional or polymer modified Conventional or polymer modified 
emulsionsemulsions

•• AC DikesAC Dikes
–– PG 70PG 70--1010

•• Crack Sealing, Expansion JointsCrack Sealing, Expansion Joints
–– FHWAFHWA--RDRD--0303--080080



Mixing Binders Mixing Binders –– Same “PG” Same “PG” 
But Different Sources?But Different Sources?

•• Same precautions as taken Same precautions as taken 
for AR binders. for AR binders. 



Critical Binder Testing?Critical Binder Testing?
•• Spec testsSpec tests

–– BBRBBR
–– DSR (Original & RTFODSR (Original & RTFO--Aged)Aged)

•• Use AMRLUse AMRL--Certified Commercial Certified Commercial 
Lab!Lab!



Mix DesignMix Design--
Different Binder Supplier?Different Binder Supplier?

•• Same precautions as taken for Same precautions as taken for 
AR binders … do another mix AR binders … do another mix 
design!design!



PG Binder InfluencePG Binder Influence
on Construction?on Construction?

•• Potential for stiffer binders may require Potential for stiffer binders may require 
higher mixing and placement temps.higher mixing and placement temps.

•• Plant production and placement temps ~ Plant production and placement temps ~ 
1515--20ºF higher than traditional AR20ºF higher than traditional AR--
graded binders.graded binders.

•• Another test strip?Another test strip?



Questions?Questions?

Comments?Comments?
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